Paracoccidioides spp. are thermodimorphic pathogenic fungi endemic to Latin America. 27 Predation is believed to drive the evolution of virulence for soil saprophytes. We evaluated the 28 presence of environmental amoeboid predators in soil from armadillo burrows where 29
Introduction 46
Human beings are constantly challenged by microorganisms in virtually every environment and 47 circumstance. Effective host immune responses, however, ensure that very few of them cause 48 disease. Pathogenic microorganisms usually have a complex set of virulence attributes that allow 49 them to evade immune effectors, proliferate and cause diseases [1] . Immunity is a crucial selective 50 pressure driving the evolution of virulence attributes in microbial pathogens tightly associated 51 with mammalian hosts. However, the evolution of virulence in microbes that do not need to 52 interact with mammals to complete their life cycles, such as the agents of most fungal invasive 53 diseases, is far less clear. These agents include pathogenic species in the genus Paracoccidioides. 54
Five species in this genus of thermodimorphic fungi, P. brasiliensis, P. americana, P. 55 restrepiensis, P. venezuelensis and P. lutzii, cause paracoccidioidomycosis (PCM), one of the 56 most prevalent systemic mycoses in Latin America [2, 3] . This neglected disease is an important 57 cause of morbidity and mortality among men from rural areas in these countries. Infection occurs 58 by the inhalation of airborne fungal propagules (mycelium fragments or conidia) from the 59 environment, and most infections are asymptomatic. However, some patients do develop disease, 60 which ranges from a mild pneumonia to life-threatening systemic disease [4, 5] . 61
In the last two decades, a number of studies done with other species of invasive fungal pathogens 62 (Cryptococcus neoformans, C. gattii, Sporothrix schenckii, Blastomyces dermatitidis, 63 Histoplasma capsulatum and Aspergillus fumigatus) have provided a compelling explanation for 64 the evolution of virulence in these soil saprophytes: avoiding predation by soil amoebae requires 65 phenotypical traits that also provide protection against mammalian immune defenses and are thus 66 associated with virulence [6] [7] [8] [9] [10] . Each of these fungi survived after co-cultivation with phagocytic 67 unicellular organisms such as Acanthamoeba castellanii and Dictyostelium discoideum due to 68 phenotypical traits that are also effective in evading human macrophages. Moreover, their co-69 cultivation with amoebae selects for survivors that are more virulent in mammalian models. 70
Exposure to other soil predators such as ciliates and helminths suggests a more complex 71 interaction scenario, beyond those seen with amoebae [11, 12] . These studies, however, were 72 performed in controlled laboratory conditions using mostly pure and axenic cultures of 73 laboratory-adapted predators; this very informative system is nonetheless an extreme 74 simplification of the complex ecosystem soil saprophytes find in nature. In this work we have 75 delved further into the ecology of the soil environment in a region where Paracoccidioides spp. 76 had previously been confirmed by nested PCR, studying both the composition of predator 77 populations and the interaction between some of these and Paracoccidioides cells. Cultures of the 78 soil samples revealed helminths, ciliates and multiple species of amoebae. We successfully 79 isolated amoeba species and showed that they can ingest and efficiently kill Paracoccidioides 80 spp. yeast cells. The same was observed in more detailed experiments with axenic cultures of A. 81 castellanii. Sequential co-cultivation of Paracoccidioides cells with A. castellanii selected for 82 fungal cells with increased virulence towards both phagocytes (amoebae and ex vivo mouse 83 macrophages) and whole animals (Galleria mellonella and mice), possibly due to an increase in 84 cell wall alpha-glucans. Our results support the hypothesis that interaction with sympatric soil 85 predators selects for traits that allow survival of Paracoccidioides spp. in mammalian hosts and 86 add to the existing evidence for the amoeboid predator-animal virulence hypothesis [13] . PbT16B1 was isolated; in this location the fungus had been also detected in soil by nested PCR 103 [14] . Additionally, rural workers that have lived and/or worked in this region were diagnosed with 104 or died from PCM [15] . About five grams of each soil sample were mixed with 20 mL of sterile 105 Page's modified Neff's amoeba saline (PAS -2 mM NaCl, 33 mM MgSO4, 27 mM CaCl2, 1 mM 106 Na2HPO4, 1 mM KH2PO4) and vigorously mixed to homogenize the samples. After sedimentation 107 100 µL of each sample were spread over a plate of non-nutrient agar (PAS + 1.5% agar) 108 containing a lawn of heat-killed Escherichia coli OP50. The plates were incubated at 25 °C for 109 10-14 days and observed daily by light microscopy for the presence of cysts or trophozoites of 110 amoebae [16, 17] . Agar sections containing cyst or trophozoites were cut and transferred to new 111 plates to enrich the cultures. Finally, amoebae were transferred to PAS, counted and submitted to 112 limiting dilution cloning. These freshly isolated amoebae were maintained in PAS or in non-113 nutrient agar plates with live or dead E. coli strain OP50 as a food source, respectively. The 114 isolates were molecular typed for identification as described in the Supplemental Materials and 115
Methods section. 116
Soil amoeba and P. brasiliensis interaction assays.
117
The distinct amoeba isolates were collected from our culture stocks, washed three times to remove 118 bacteria, plated onto glass-bottom plates and co-incubated with P. brasiliensis cells previously 119 dyed with FITC or pHrodo™ (Thermo Fisher). The multiplicity of infection (MOI) was of one 120 and co-incubation was carried out for 24 hours at 25 °C). The samples were then dyed with Uvitex 121 to distinguish intracellular and extracellular fungal cells and observed in a Zeiss Axio Observer 122 Z1 inverted microscope using a 40X/NA 0.6 objective for quantification of phagocytosis. A 123 minimum of 100 amoebae per sample were analyzed, and the experiments were performed at least 124 three times on different days. Alternatively, predation assays in which soil amoebae were 125 incubated in solid non-nutrient agar with a lawn of P. brasiliensis cells were performed as 126 described in the Supplemental Material and Methods section. Soil amoeba viability after the 127 interaction was assessed by Trypan blue exclusion as previously described [8]. 128 Phagocytosis and killing assay for the interaction of Paracoccidioides spp with 129 axenic A. castellanii 130 Cells of A. castellanii were plated onto 96-or 24-well microplates at 5 x 10 4 and 2× 10 5 cells/well, 131 respectively, and incubated with yeast cells (1 × 10 5 and 4 x 10 5 cells/well) for different time 132 intervals (6, 24 or 48 h) at 28 °C or 37 °C (MOI = 2). After co-incubation, the supernatant was 133 discarded, the cells were fixed with cold methanol for 30 min at 4 °C and overnight-stained with 134
Giemsa. The samples were then observed and photographed in the Zeiss Axio Observer Z1 135 inverted microscope. Alternatively, phagocytosis was evaluated using fungal cells previously 136 dyed with CMFDA or FITC before the interaction. At each condition the percentage of 137 phagocytosis was evaluated after Giemsa staining. A minimum of 100 amoebae per sample were 138 analyzed, and the experiments were performed at least three times on different days. A. castellanii 139 viability after the interaction was assessed by Trypan blue exclusion as previously described [8] . We co-cultured Paracoccidioides spp. cells with A. castellanii for six hours at 28 ºC in PYG 149 medium at a MOI of two. The cells were then detached from the plates and passed 5-8 times 150 through a 26-Gauge syringe to lyse amoebae. The remaining yeast cells were plated onto solid 151 BHI-Sup (4% horse serum, 5% conditioned medium of the Pb192 strain of P. brasiliensis, 34 152 µg/mL chloramphenicol). The plates were incubated at 37 °C for a week, and the recovered cells 153 were collected from the plates, washed three times with PBS, counted and used in a subsequent 154 round of interaction with A. castellanii for another six hours. This process was repeated five times 155 and the resulting passaged strains were then named Pb18-Ac. The Pb18 strain, cultured in PYG 156 for six hours at 28 °C, and then plated onto BHI-Sup was used as a control. 157
Galleria mellonella infection 158
Wax moth larvae were raised in our lab and further details on the infection assay are described in 159 the Supplemental Materials and Methods section. Shortly, groups of 12-16 individuals received 160 an injection of 10 µl of PBS or yeast cell suspension (Pb18 or Pb18-Ac) at 10 6 cells/mL in the 161 hind left proleg. The groups of infected larvae were placed in Petri dishes, incubated at 37 °C and 162 daily monitored for survival. 163
Mouse infection and survival analysis 164 We infected isogenic 10-week-old BALB/c male mice with Pb18-Ac, using the non-passaged 165 strain as negative control. The cells from each group were collected from BHI-sup plates after 166 five days of culture, washed in PBS, counted, assessed for viability and diluted to the appropriated 167 cell densities. The mice were anesthetized using a combination of 100 mg/kg of body weight 168 ketamine and 10 mg/kg of body weight xylazine administered intraperitoneally. For infection, 10 6 169 cells of either sample were intratracheally inoculated into two groups of 14 mice each. The 170 animals were clinically monitored during 12 months after infection and moribund animals 171 (defined by lethargy, dyspnea, and weight loss) were euthanized. The experiment was set up as a 172 blind assay: the experimenters who infected and monitored the mice did not know which strain 173 had been administered to each group until after the experiment finished. All mouse experiments 174 Paracoccidioides DNA as schematically represented in Figure 1A revealed the presence of 201 multiple potential predators, including several amoeba morphotypes, ciliates and nematodes 202 ( Figure 1B -I). Although ciliates and nematodes are known to predate C. neoformans [11, 12] , we 203 chose to focus on ameboid predators. After using limiting dilution to obtain plates that seemed to 204 contain only one type of amoeba, we made several attempts to establish axenic or monoxenic 205 cultures. We were not successful, however, even in the presence of several antibiotics. We 206 isolated DNA from the different isolates and performed PCR using primers specific to Amoebozoa 207 and for Acanthamoeba spp identification. Sequencing and comparison against GenBank revealed 208 that we had isolated members of Allovahlkampfia spelaea, Vermamoeba vermiformis (formerly 209 2. Soil amoeba isolates interact with and kill P. brasiliensis yeast cells. 223 We tested if these soil amoebae were able to phagocytose P. brasiliensis cells by co-incubating 224 them for 24 h in PAS after adding antibiotic and removing most of the bacterial cells that were 225 used to feed the amoebae. The three amoeba isolates were each able to phagocytose P. brasiliensis 226 cells (Figure 2A) , even in the presence of remaining bacterial cells from amoeba cultures, which 227 are probably a preferential food source. We also observed that the isolated Acanthamoeba spp. 228 had decreased viability after 24 h of co-incubation with P. brasiliensis, while the isolated A. 229 spelaea was able to survive better in the presence of yeast cells ( Figure 2B ). 230
The presence of antibiotic resistant bacteria in the isolated amoebae cultures prevented us from 231 evaluating P. brasiliensis viability after soil amoeba interaction by CFU counting. Due to the slow 232 growth rate of this fungus, all the plates would be covered with bacteria before we could observe 233 fungal colonies. To address this limitation, we performed predation assays in non-nutrient agar 234 plate where P. brasiliensis lawns were confronted with soil amoeba isolates. We were able to 235 observe a region of fungal cell clearance in the plates starting at 7 d of interaction with all the 236 amoeba isolates as depicted in in Supplementary Figure 1 . In Figure 2C -2F we can observe the 237 interaction in solid medium of A. spelaea with P. brasiliensis cells. After seven days of co-238 incubation we could see many trophozoites mixed in the fungal cell lawn and around the colony 239 ( Figure 2D ). Most fungal cells presented altered morphology resembling dead empty shells 240 ( Figure 2E ) and we observed some fungal cells interacting with amoebae in Figure 2F . 241 Additionally, after two weeks or more of interaction, we observed scarce fungal filamentation in 242 the co-culture samples, possibly because most fungal cells were dead, while the control fungal 243 spots without amoebae displayed intense filamentation. We further evaluated the fungal interaction with three different species of amoeba in saline 260 suspension after 24 h of interaction by TEM and SEM as presented in Figure 3 . TEM analysis 261 revealed internalized fungal cells and cell wall debris inside amoeba vacuoles ( Figure 3A-J) and 262 the presence of several extracellular empty fungal shells, some of them collapsed with little or no 263 cytoplasm ( Figure 3E-I) . SEM confirmed the contact between the two microbes in all the 264 interactions ( Figure 3C, G, L) . It should be noted that V. vermiformis cells can be considerably 265 smaller than large P. brasiliensis mother cells ( Figure 3K, L) . Extreme morphological alterations 266 were observed in most fungal cells upon interaction with the three amoebae. We observed many 267 collapsed fungal cells, including mother cells with shrinking buds (Figure 3 G, Uvitex 2B (blue), which does not penetrate cells that are viable or not permeabilized, confirmed 293 that some fungi were internalized. The black arrow in Figure 4D indicates an internalized yeast 294 cell that is not labelled with CMFDA, which together with the irregular morphology suggests that 295 this yeast cell is probably dead. 296
The percentage of phagocytosis of P. brasiliensis by A. castellanii was followed at different 297 time intervals, from 30 minutes to 24 hours of interaction. It varied from 39% at 30 minutes to 298 68% at six hours ( Supplementary Figure 2) . 299
We also evaluated the outcome of amoeba predation by measuring fungal cell viability 300 by CFU after six and 24 hours of interaction with A. castellanii cells. There was no significant 301 reduction in fungal survival with or without amoeba at the earlier time point ( Figure 4E ), but the 302 number of fungal CFUs was reduced by 90% after 24 hours of interaction ( Figure 4F ), indicating 303 that A. castellanii was very efficient in fungal killing. On the other hand, the trypan blue exclusion 304 assay on amoebae after interaction with P. brasiliensis showed that amoeba viability was barely 305 affected by the fungus. We only found a small difference in their viability at the six-hour time 306 point at 28 °C, but not at other times points at this temperature or at any time points at 37 °C when 307 compared to the non-infected controls (Supplementary Figure 3A) . To evaluate whether this effect 308 resulted from a broader loss of virulence due to in vitro subculturing of the fungus, we tested the 309 virulence of the same Pb18 isolate against J774 macrophages. In contrast with our observations 310 with amoebae, we observed a significant decrease in macrophage viability after 24 (a 16% to 25% 311 increase in dead cells) or 48 hours of interaction (22% to 33%) (Supplementary Figure 3A) . We also evaluated the interaction of A. castellanii with P. lutzii (Pb01) and P. brasiliensis 333 T16B1, an isolate obtained from an armadillo. A. castellanii was able to internalize cells of the 334 three different isolates of Paracoccidioides spp. at similar rates ( Figure 5A ). There was no 335 difference in the ability of P. lutzii strain Pb01 relative to Pb18 to kill amoebae or to survive at 336 six hours of interaction ( Figure 5B-C) . However, co-incubation with T16B1 resulted in a time 337 dependent increase in the amoeba mortality in comparison to both other strains ( Figure 5B and 338 Error! Reference source not found.), while the other two isolates were able to induce a transient 339 decrease in amoeba viability only at 6 hours of interaction. In addition, the armadillo isolate was 340 also able to survive the interaction with amoebae better than the other two strains ( Figure 5C ). 341
We observed an increase of roughly five-fold in the CFU of T16B1 after the interaction in 342 comparison to the other two strains. We evaluated if sequential rounds of interaction of P. brasiliensis with amoebae were able to select 363 fungal cells with increased virulence as previously reported for H. capsulatum [7] . We submitted 364 the fungus to six hours of interaction with amoebae at 28 ºC in PYG medium. The amoebae were 365 then lysed and all interacting fungal cells (intracellular and extracellular) were collected and plated 366 in solid BHI-sup medium. This procedure was repeated 5 additional times, resulting in Pb18-Ac 367 strains. Both Pb18-Ac and Pb18 strains were used in co-cultures with A. castellanii and J774 368 macrophages and to infect G. mellonella and BALB/c mice. When comparing Pb18-Ac cells to 369 the control strain, the phagocytosis decreased from 55.4% to 44.6% (Figure 6A ), the proportion 370 of dead amoebae increased from 10.8% to 15.9% ( Figure 6B ) and the number of fungal CFUs 371 increased 2.5-fold ( Figure 6C ). 387 Additionally, we also tested whether the changes in Pb-Ac interaction with amoebae 388 could also be translated to other models. The number of recovered fungi in the wells with Pb18-389
Ac was significantly higher than the control strain after six hours of interaction with J774 390 macrophages ( Figure 6D ). Additionally, Pb18-Ac was also able to kill G. mellonella larvae and 391 BALB/c mice significantly faster than the control strain ( Figure 6E-F) . 392 6. Sequential passaging of P. brasiliensis affects the accumulation of selected 393 virulence transcripts and increases accumulation of cell wall α-glucans 394 395 Quantitative PCR analysis was carried out to search for changes in the levels of fungal 396 transcripts that were previously shown to be modulated upon interaction with amoebae or 397 macrophages [18] [19] [20] . No major changes were noticed in the accumulation of the transcripts of 398 the selected genes between the two strains. The minor changes observed included a slight increase 399 of HADH and HSP60 in Pb18-Ac ( Figure 7B As we observed a decrease in the percentage of phagocytosis of A. castellanii co-414 incubated with the passaged strain, we evaluated if there were any changes in the fungal surface 415 that might affect its internalization. For that, paraformaldehyde-fixed Pb18 and Pb18-Ac cells 416 were incubated with the monoclonal antibody MOPC-104E, which binds to fungal α-glucans [21] 417 and analyzed by flow cytometry. Figure 7H shows a 3.3-fold increase in the signal for α-(1,3)-418 glucan in the passaged cells relative to the non-passaged strain. As an increase in the accumulation 419 of α-glucan synthase transcripts was not detected by qPCR ( Figure 7A ), these results suggest that 420 passaging through amoebae affect the content of α-(1,3)-glucans in P. brasiliensis cell wall 421 through other mechanism that not mRNA accumulation. 422
Discussion 423 424 Paracoccidioides spp. are thermodimorphic fungal pathogens that cause PCM, a systemic 425 mycosis prevalent in Latin America [2] . Although this disease has been known for more than a 426 century, there are still many unsolved questions about the ecology of its agents. Direct isolation 427 of Paracoccidiodes spp. from soil is challenging and has been reported only a few times. 428
However, detection of Paracoccidioides DNA from soil and aerosol samples is much more widely 429
reported, suggesting that these fungi are saprophytes like those in the genera Cryptococcus, 430
Histoplasma and Blastomyces [15, 22, 23] . 431
In this study we analyzed the interaction of Paracoccidioides spp. with different soil amoebae. Our 432 initial hypothesis was that the Paracoccidioides spp. virulence traits could have been selected by 433 interactions with environmental predators such as amoebae and nematodes, as previously proposed 434 for other soil-born fungal and bacterial pathogens. We performed interaction assays between 435
Paracoccidioides spp cells and four amoebae, including three amoebae that we isolated from soil 436 -Acanthamoeba spp, A. spelaea, V. vermiformis -and an axenic laboratory strain of A. castellanii. 437 Acanthamoeba is a genus of soil amoeba that can cause keratitis and granulomatous amoebic 438 encephalitis [24] . A. spelaea was first identified in 2009 and it was also involved in human keratitis, 439 but there is little information about it in the literature [25] . V. vermiformis is frequently isolated 440 from soil and water environments, including hospital tap water [26] . Interestingly, all three genera 441 have previously been reported to harbor potentially pathogenic intracellular microbes such as 442
Legionella pneumophila [27] [28] [29] . Additionally, there are several reports on the interaction of A. 443 castellanii with different pathogenic fungi, and V. vermiformis has been shown to promote 444
Candida spp. growth in tap water and conidial filamentation of A. fumigatus [7, 8, 10, [30] [31] [32] . In 445 our experiments, all four amoebae were able to internalize and kill Paracoccidioides cells and non-446 axenic amoeba cultures were able to grow using fungal cells as their major food source. Different 447 microscopy approaches have shown fungal internalization and many dead fungal cells or empty 448 fungal cell walls after interaction with amoebae. Dead fungal cells presented severely altered 449 morphology, many of which showing perforations in their surface. These results point to other 450 mechanisms of Paracoccidioides spp killing by amoebae that do not depend solely on 451 phagocytosis. Paracoccidioides spp. yeast cells are relatively large, and a mother cell with multiple 452 buds is much larger than some of the amoebae we studied. Nevertheless, these amoebae efficiently 453 killed the fungi. Our observations are supported by previous reports from the late 70's of giant 454 vampyrellid soil amoebae that perforated conidia and hyphae of several soil fungi such as 455
Cochliobolus sativus, Alternata alternaria to feed upon their contents [33, 34] . This strategy bears 456 a striking resemblance to vertebrate immune effector functions such as complement and granules 457 from neutrophils, CD8+ T and NK cells. The selective pressure put on fungi by this amoeba feeding 458 strategy could have led cell walls that are more resistant to the antimicrobial actions of these 459 immune effectors. 460
At first, these results might contrast with what had been previously described for other pathogenic 461 fungi such as C. neoformans, Histoplasma capsulatum and Blastomyces dermatitidis during the 462 early 2000's [7, 8] . However, our results are in accordance with previously published studies of 463 fungal-amoeba interactions, in which A. castellanii was shown to efficiently use C. neoformans 464 as a food source and was considered an important factor controlling fungi in the environment [35, 465 36] . More recently, Fu and Casadevall reported that divalent cations have the ability to increase 466 amoeba survival and potentiate their fungal killing abilities [37] . Their work points to one of the 467 factors that might influence the outcome of fungal-amoeba interaction assays. The studies 468 published in the early 2000's used PBS as the medium where interaction was assessed. In our 469 assays we used PYG medium, which is supplemented with salts including CaCl2 and MgSO4. 470 Additionally, the fungal cells used in our experiments were not submitted to regular passages 471 through an animal host. Although Paracoccidioides spp is a primary pathogen, previous reports 472 and our own experience have shown that prolonged in vitro subculture of these fungi leads to 473 attenuation or loss of its virulence and that it can be restored by animal passaging [38, 39] . 474 However, the same fungal strain was still able to kill a high proportion of macrophages in similar 475 interaction conditions. These data suggest that despite the several similarities between amoebae 476 and macrophages, there are important differences between these two cell host systems and/or that 477 prolonged in vitro subculturing caused the fungal strain to lose virulence attributes that are more 478 specific for its interaction with amoebae. 479
We further analyzed the interaction of A. castellanii with the sister species P. lutzii (Pb01) and 480 with a P. brasiliensis strain isolated from an armadillo (T16B1). Regarding rates of 481 internalization, and the ability to kill amoebae and to survive the interaction, Pb01 behaved 482 identically to Pb18. However, the interaction of A. castellanii with T16B1 revealed that this strain 483 was more efficient in surviving and killing the amoebae. Given that the armadillo strain was 484 isolated about 7 years ago whereas Pb18 and Pb01 were isolated about 90 and 30 years ago, 485 respectively [40, 41] , these results point to the attenuation of Paracoccidioides spp. after 486 prolonged in vitro subculturing. Our results are also compatible with previous work from other 487 groups showing that P. brasiliensis armadillo isolates can be more virulent to mice and hamster 488 models than some clinical strains submitted to prolonged in vitro culturing such as Pb18 [38, 42, 489 43] . 490 Sequential passages of interaction with amoeba select for changes in the virulence of P. 491 brasiliensis Pb18. When the control and passaged strains (Pb18-Ac) were used in new interaction 492 assays with A. castellanii, Pb18-Ac cells were more efficient in evading phagocytosis, surviving 493 the interaction and killing the amoebae. The decrease in the yeast internalization may be an 494 important reason for increased survival of the fungus. As we did not separate internalized from 495 non-internalized yeast for the fungal survival assays, the rate of internalization might have 496 affected our measurement of the fungal survival. The passaged strain was also able to survive 497 better the interaction with J774 macrophages and had an increased ability to kill G. mellonella 498 larvae and mice, confirming that interaction with A. castellanii was able to select for broader 499 changes in fugal virulence. These results are in accordance with what was described for H. 500 capsulatum and C. neoformans upon their interaction with amoebae [7, 44] . Quantitative PCR of 501 selected virulence genes between the two strains revealed downregulation of MS1 and SOD1, 502 genes previously shown to be upregulated in response of P. brasiliensis to macrophage at six 503 hours of interaction [18] . In contrast, HADH and HSP60 were upregulated. HADH is involved in 504 beta-oxidation and in production of ergosterol precursors, and was previously shown to be 505 upregulated in P. brasiliensis response to hypoxia [45] . This gene and others related to beta-506 oxidation were also shown to be upregulated in C. neoformans response to interaction with both 507 amoeba and fungi [19] . Interestingly, despite no differences in the accumulation of α-glucan 508 synthase transcript, we observed an increase in Pb18-Ac cell wall α-(1,3) glucans relative to Pb18. 509 This change could explain the differences in fungal phagocytosis by amoeba. The outermost layer 510 of α-(1,3) glucan in H. capsulatum cell wall has been shown to act as virulence factor by 511 suppressing fungal recognition by host cells [21] . These results suggest similarities between 512 fungal molecules that are recognized by phagocytosis receptors in amoebae and mammals. 513
Overall, our results fit into the recently formulated amoeboid predator-fungal animal virulence 514 hypothesis whereby there is a nexus of causation from selective pressure of amoeboid 515 environmental predators and the evolution of fungal virulence against mammals [13] . We have 516
shown that Paracoccidioides spp. may indeed interact with different amoebae species in its 517 environment, and that soil protozoans, among other predators, could have a role as selective 518 pressure for the emergence virulence traits in this genus, since amoebae can revert attenuation of 519 its virulence from in vitro passaging. However, it should be noted that, although amoeba might 520 indeed play an important role as a fungal predator in the soil and promote natural selection of 521 virulence against animal host, there is many other potential predators and competitors in the soil. 522
Investigation of fungal interactions with other soil inhabitants could shed light on many unsolved 523 questions about the development of fungal pathogenesis. 524
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Figure Legends

649
A) Schematic representation of the soil amoeba isolation methodology. Soil samples from 650 armadillo burrows positive for P. brasiliensis DNA were collected and used for the isolation of 651 soil amoebae. The samples were plated in non-nutrient agar plates containing a bacterial lawn as 652 represent means plus 95% confidence intervals. C) Survival of fungal cells from different strains 704
of Paracoccidioides spp following interaction with amoebae. The error bars represent standard 705 error of the mean. Figures depict the combined results of at least three independent experiments. 706 *All the strains showed a significant difference in the % of dead amoebae at six hours relative to 707 the control amoebae growing alone. 708 
710
Pb18 and Pb18 Pb-Ac cells were co-incubated with A. castellanii at a MOI of two at 28°C for six 711 hours. A) Percentage of A. castellanii cells interacting with Pb18 and Pb18-Ac. B) Viability of A. 712
castellanii after six hours of interaction with Pb18 and Pb18-Ac. C) Survival of Pb18 and Pb18-713
Ac upon interaction with A. castellanii. D) Survival of Pb18 and Pb18 Pb-Ac upon interaction 714 with J774 macrophages. E) Survival curve of G. mellonella infected with Pb18 and Pb18-Ac. The 715
curve is representative of two biological replicates. P<0.0001 for the comparison of the survival 716 curve of larvae infected with the two different strains (log-rank test). F) Survival curve of BALB/c 717 mice infected with Pb18 or Pb18 Pb-Ac. Each group had 15 mice. p= 0.0003 for the comparison 718 of the survival curve of mice infected with the two strains (log-rank test). A-D depict the 719 combined results of at least two independent experiments. The bars represent means plus 95% 720 confidence intervals in A and B and standard error mean in C and D. 721 
